Until recently, the role of insects, and particularly flies, in disseminating antimicrobial 27 resistance (AMR) has been poorly studied. In this study, we screened blowflies (Chrysomya 28 spp.) from different areas near the city of Phitsanulok, Northern Thailand, for the presence of 29 AMR genes and in particular, mcr-1, using whole genome sequencing (WGS). In total, 48 mcr- 
Introduction 54
There is growing public health concern for environmental dispersal of antibiotic resistance. 55
Historically, we have focused on resistomes in human and animal gut microbiomes, where 56 antimicrobial resistance (AMR) and pathogens can be widely spread via animal and human 57 wastes. However, there is increasing evidence indicating the important role of environmental 58 factors including wastewater[1,2], wildlife [3] and flies [4] , in the dissemination of AMR in 59 different environments. In particular, flies have been recently recognized as potential reservoirs 60 exacerbating the spread of antibiotic resistance and pathogens among animals, environments 61 and human, as they can move freely, often unnoticed, among different public health sectors 62 including hospitals, human communities and animal farms [4] [5] [6] . It has been demonstrated that 63 houseflies are involved in the mechanical transmission of nosocomial infections with multidrug 64 resistance bacteria in hospital environments, such as Shigella spp.; Escherichia coli; Klebsiella 65 spp. and Enterobactor spp. [4, 5] . According to a study analyzing the antibiotic resistome of 66 swine manure, the larvae (Musca domestica) gut microbiome was significantly affected the 67 resistant genotypes in manure-borne community [7] . 68
Since the first discovery of a mobile colistin resistance mechanism (MCR-1) in November 69 2015 [8] , mcr-mediated colistin resistance has been globally reported in Gram-negative 70 pathogens [9] . Additionally,, the co-resistance of colistin with other last-line antibiotics, has 71 revealed the emergence of extensively drug resistant (XDR)strains that are virtually untreatable 72 [10, 11] . Recent studies reported housefly and blowfly are also responsible for the spread of 73 mcr-1 gene conferring colistin resistance in a Chinese university hospital [12] , as well as in pig 74 farms in Germany [13] . Among them, mcr-1 was most commonly found in E. coli isolates, 75 although several other Enterobacteriaceae including K. pneumoniae have been detected in other 76 source such as animals [14] and human clinical isolates [15] . K. pneumoniae is known to be a 77 leading cause of hospital-acquired infections, such as pneumonia, post-surgical wound and 78 urinary tract infections [16] . It is especially problematic in hospitals when becoming resistant 79 to colistin, a last-resort antibiotic, leaves very limited therapeutic options. There is a marked 80 paucity of our understanding on the transmission of mcr-1-positive Enterobacteriaceae 81 (MCRPE), mainly in E. coli and K. pneumoniae, to negate the threat to human health posed by 82 MCRPE isolates. With this aim, we investigated the carriage of mcr-1 positive isolates from 83 blowflies collected from different areas in the city of Phitsanulok in Thailand, using whole-84 genome sequence to look for associations between MCRPE strains carrying mcr-1-linked 85 plasmids recovered from blowflies (Chrysomya spp.) and human clinical isolates. 86 87 88
Materials and Methods 89

Bacterial isolates from blow flies 90
A total of 300 blow flies were trapped at three different locations in Northern Thailand: a local 91 market in an urban community, a rural area and a suburb of the city Phitsanulok. These 92 locations are approximately 10 kilometers apart. Blow flies were collected by the use of a 93 sterile sweeping net. Individual fly was kept in a sterile plastic tube and sacrificed by placing 94 on ice for 30 min. They were identified to species level by using the taxonomic keys as 95 described by Kurahashi and Bunchu [17] . Only Chrysomya megacephala flies [18] , the most 96 abundant blow flies in Thailand were selected for further analysis. The flies were individually 97 pulverized in enriched peptone water for 30 min and then aliquots of the resultant suspensions 98 (100 µl) were plated on Eosin-Methylene-Blue (EMB)-agar plates supplemented with 2 mg/l 99 colistin and incubated at 37 o C overnight. One to three representative colonies with different 100 colors from each plates were purified and subsequently screened for mcr-1 gene by PCR. The 101 mcr-1-positive bacteria were sub-cultured in liquid nutrient broth for 18 h before DNA 102 extraction for species identification and whole-genome sequence.
Minimum inhibitory 103 concentrations (MICs) of colistin for 48 mcr-1-bearing isolates was performed by using broth 104 microdilution, in accordance with the guideline of the European Committee on Antimicrobial 105 Susceptibility Testing (EUCAST), reference strain E. coli ATCC25922 served as a quality 106 control. 107
108
Conjugation experiments 109
To investigate the transferability of mcr-1-carrying plasmids, we performed conjugation 110 assays with sodium-azide resistance E. coli J53 as the recipient strain. Briefly, overnight 111 cultures of 30 randomly selected mcr-1-producing donors (strains with transfer frequency 112 showed in Table 1 ) and the recipient E. coli J53 strain were 1:2 mixed and incubated in 37 o C 113 for 16-20 h. After incubation, we subsequently ten-fold serial diluted the mixed culture in 114 sterile saline and aliquoted 100 µl of diluted culture onto selective agar plates containing 2 115 mg/l colistin and 150 mg/l sodium azide. The mcr-1-positive transconjugants were confirmed 116 by PCR and transfer frequency was calculated by the number of transconjugants per recipient. 117 Plasmid analysis were done by whole genome sequence as described below. 118 119 Whole-genome sequencing and bioinformatics analysis 120 Total gDNA was extracted from an overnight culture (2 ml) on a QIAcube automated system 121 (Qiagen, Germany) with QIAamp DNA Microbiome kit (Qiagen, Germany), followed by 122 gDNA quantity measurement by fluorometric methods using a Qubit (ThermoFisher 123 Scientific). Genomic DNA libraries are constructed using the NexteraXT kit (Illumina), 124 according to manufacturer's instruction. Paired end sequencing was performed using the 125 Illumina MiSeq platform (MiSeq Reagent V3 Kit; 2 × 300 cycles). Raw sequence reads were 126 trimmed using Trim Galore and the genomes were de novo-assembled into contigs using 127 SPAdes (3.9.0) with pre-defined kmers set. 128
129
Bioinformatics analysis: The CGE platform (http://www.genomicepidemiology.org/) were 130 used for analysis of multilocus sequence typing (MLST-1.8), acquired resistance genes 131 (ResFinder 3.1, all antibiotic resistance databases were selected with a cut-off value of 95% 132 identity and 80% minimum coverage) and incompatibility group of plasmids (PlasmidFinder-133 1.3 version, using Enterobacteriaceae database with parameters of minimum 95% identity and 134 85% query coverage). All contigs were searched for mcr-1 using standalone BLAST analysis, 135 the putative coding sequences containing mcr-1 gene were obtained using ORF finder 136 programs (Geneious 10.0.7). Draft genome sequences were aligned and then applied for 137 phylogenetic analysis using Parsnp in the Harvest package, and phylogenetic trees was 138 visualized by iTOL (https://itol.embl.de/ pneumoniae isolates), IncHI1A (n=2), IncHI1B (n=3) and IncHI1A-IncHI1B (n=1). 232
Representative 10 mcr-1-bearing IncX4 plasmids obtained from K. pneumoniae isolates were 233 probed for mcr-1 gene using S1-PFGE. As shown in Fig.2 , the 10 mcr-1 genes were all located 234 on a ~32-kb IncX4 plasmid. PCR was performed to fill the gap in mcr-1-carrying contigs, as a 235 result, complete sequencings of 26 IncX4-mcr-1-carrying plasmids were achieved (Fig. 3) . IncHI1A (n=2) and IncHI1A_HI1B (n=1) ( Based on our previous study, the acquisition of mcr-1-carrying plasmid leads to virulence 278 loss in E. coli strain [34] . In this study, three mcr-1-carrying plasmids were transferred into a 279 clinical susceptible K. pneumomiae strain ff101 and a KPC-positive K. pneumomiae strain p35, 280 followed by infection of G. mellonella larvae with an inoculum of ~1x10 5 CFU. As shown in 281 Fig. 5 , two K. pneumomiae strains ff101 and p35 caused more than 80% and 90% of mortality 282 after 72h infection, respectively. After acquiring of IncX4-mcr-1 plasmid, the survivals of 283 larvae have been increased to 40% -80% with strain ff101, and survivals are more than five 284 times higher from ~10% to ~50% with strain IncX4-mcr-1-carrying p35 strain at 72h after 285 infection, suggesting that IncX4-mcr-1 plasmid are responsible to reduce bacterial virulence. 286
288
Discussion 289
The mcr-1 gene was first discovered in E. coli, which has become the major host of mcr-1 290 gene, and has subsequently been found in all continents crossing more than 50 countries [8, 37] . 1-associated IncX4 genetic context in this study (Fig. 3) (Fig.1) , including plasmid-mediated quinolone resistance 342 gene (qnrS1) and ESBL-dependent blaCTX-M-14 and blaCTX-M-55 genes. Interestingly, a higher 343 number of acquired resistance genes has been found in seven E. coli ST10 isolates (mean 11.71, 344 ranging from 10 to 14), compared to other STs groups with average 9.67 ranging from 2 to 345 11( Fig.1) Table S2 ). Furthermore, the pairwise analysis of SNPs data (no more than 15 360 SNPs, Table S2 ) further suggest ST43 MCRPKP clonality. This scenario is worrying, as 361 blowflies can act as an efficient and "unseen" environmental vectors of virulent bacteria, and 362 are associated with outbreaks of enteric pathogens in rural areas in low-and middle income 363 countries where sanitation and hygiene infrastructure is poor [6, 71] . Additionally, the ST43 364 MCRPKP isolates described in our study also contain at least four major virulence 365 determinants responsible for disease progression: capsular synthesis loci KL61; 366 lipopolysaccharide; siderophores enterobactin and (mobilizable) aerobactin, iron acquisition 367 kfuABC that are responsible for binding ferric iron in the host cell; and adherence factors 368 (fimbria type I and III) that allow bacteria to attach to the host cell surface [24, 36, 72] . The 369 virulence potential of these isolates performed in a G. mellonella model (Fig. 4) 
